Background-The results of immunohistochemical staining are often assessed by semiquantitative scoring. However, these scoring systems are usually nonstandardised and there has been little evaluation of the accuracy and reliability of this subjective assessment. Aims-To assess the accuracy of observer estimation of proportions of objects in an image. Methods-Images were generated that contained known proportions of pink squares in grids of 50 × 50 and 100 × 100 squares. Observers were shown each image for five seconds in random order and either estimated the proportion of pink squares or selected the image (from a pair of images) that contained the greater proportion of pink squares. The observers were four consultant histopathologists, seven trainee histopathologists, and six control non-histopathologists. Results-The raw estimations of proportions showed a close correlation with the real proportions, with correlation coeYcients of 0.94 and 0.95 for consultant and trainee histopathologists on the 50 × 50 grids. However, the performance in the comparison task was much higher, with an almost perfect classification for grids of equal size even when the proportions only diVered by 5%. Conclusions-Histopathologists can estimate proportions of objects in an image with a reasonable degree of accuracy in this abstract test system. All observers, whether histopathologists or not, can discriminate between proportions that are only 5% diVerent in equal sized image grids. This suggests that the generation and use of carefully calibrated reference images could greatly improve the accuracy and reliability of semiquantitative scoring of immunohistochemical or any other staining. (J Clin Pathol 2001;54:385-390) 
In many experimental histopathology studies, and some routine laboratory tests, 1 2 an assessment of the proportion of cells stained by a reaction is made. This staining reaction is most commonly produced by immunohistochemistry, 3 but can also be generated by in situ hybridisation 4 5 or non-immunological histochemical staining. There is no standard method of assessing the proportion of stained cells, and the methodology described in publications ranges from rigorous quantitation using computerised image analysis systems 6 7 to undefined subjective categories. 8 9 One of the most common methods is semiquantitative estimation by human observers. 10 In such systems, the proportion of cells that are stained is divided into approximately four arbitrary categories (for example, 0-25%, 26-50%, 51-75%, and 76-100%) and specimens are assigned to a category by an observer. [11] [12] [13] There is little standardisation in such schemes, with varying numbers of categories with diVerent boundaries (for example, 0%, 1-10%, 11-50%, 51-100%; 14 < 5%, 5-75%, > 75%, 15 or 0%, < 10%, 11-40%, 41-70%, > 70% 16 ). Very few of the published studies 17 that use such semiquantitative systems make any measurement of the interobserver and intraobserver reproducibility of the scoring, so it is often diYcult to assess the validity of the results. If the staining assessed in such studies is going to generate information that will be used in the selection of treatment for patients, 1 2 18-20 then better quality control is required.
The reproducibility and accuracy of the semiquantitative scoring of staining reactions is largely unknown because of a lack of published studies. It has been shown that pathologists have high levels of agreement when assigning images to discrete nominal categories (for example, hyperplastic and adenomatous polyps), 21 but far lower levels of agreement when assigning images to categories with arbitrary boundaries within a continuum. 11 22 The assessment of accuracy and reproducibility in immunohistochemical studies is hampered by the lack of a gold standard for the proportion of cells that should be expressing an antigen and by several peripheral factors, such as selection of the field of view, area of the field of view on diVerent microscopes, and diVerent conditions of illumination. This study has been designed to investigate the accuracy of diVerent observers in estimating the proportions of different elements in images. It uses abstract images that have been generated to give known proportions of diVerently coloured elements so that accuracy can be measured easily. A new system of image comparison is also tested to investigate whether this could provide better accuracy and reproducibility than existing semiquantitative systems.
Methods and materials
The observers were presented grids of pink and blue squares on a black background (fig 1) in a presentation program (Powerpoint; Microsoft, Seattle, USA) running on a standard microcomputer. Each image was presented for six seconds. There was a blank black image between each test image and this remained on the screen until the observer had given their response. The observers' responses were recorded by the study coordinator (SSC). There were two example images at the start of each set of test images. The grids of pink and blue squares were generated using pseudorandom numbers in a custom written program (in the Matlab programing language; MathWorks, Natick, USA), which allowed the user to select the proportion of pink or blue squares. The program checked that the final proportions of squares were within 1% of the proportion specified by the user. The seed for the pseudorandom number generator was reset between each image using numbers from random number tables.
Each observer was exposed to three sets of test images. The first set was of grids of 50 × 50 and 100 × 100 squares with the proportion of pink squares set at 5% intervals between 0% and 100% for both grid sizes ( fig 1A) , producing a total of 42 images. The images were presented in a randomised order and the observer was asked to estimate the proportion of pink squares in each image to the nearest whole per cent. The second set was of two grids on each test image set side by side. The grids were either both 50 × 50 or 100 × 100. For each grid size there were pairs of grids with a proportion of pink squares of 25%, 50%, or 75% in one and 5%, 10%, 15%, and 20% above and below those percentages in the other grid ( fig 1B) , producing a total of 48 images. The grids in each pair were randomly assigned easily to the left or right side of the screen; laterality was explicitly indicated on the screen by the letters. The images were presented in a randomised order and the observer was asked to indicate which grid (left or right) contained the greater proportion of pink squares. The observers were told that no pair contained an equal proportion. The third set was also composed of pairs of grids but with a 50 × 50 and a 100 × 100 size grid on each image. For each grid size there were pairs with a 50% proportion of pink squares in one and 5%, 10%, 15%, and 20% above and below that percentage in the diVerently sized grid ( fig 1C) , producing a total of 16 images. The grids in each pair were assigned randomly to the left or right side of the screen; laterality was explicitly indicated on the screen. The images were presented in a randomised order and the observer was asked to indicate which grid (left or right) contained the greater proportion of pink squares. The observers were told that no pair contained an equal proportion.
The observers consisted of four consultant histopathologists, seven trainee histopathologists, and six controls who were naïve to structured observational tasks.
The least squares method of regression was used to plot a regression line and to derive a correlation coeYcient for the relation between the estimated and real proportions of squares. The degree of interobserver agreement was assessed using statistics and 95% confidence intervals.
23

Results
The results are summarised in figs 2 and 3 and tables 1-7.
Discussion
The test system used has many diVerences to light microscopic estimation of the proportion of cells that is positive by immunostaining. The test images are presented to the observer without the need for selection of a field of view. The test images have a sharp contrast between the pink and blue elements within them and there is no gradation between the elements or within them. There are no other elements within the test images that could confuse the observer. It is probable that all these diVerences would tend to improve observer performance on the test images relative to light microscopic images of immunostained preparations. Therefore, these results probably represent the upper limits of possible performance in this task.
The correlation coeYcients for the real and estimated proportions are all relatively high, although those for trainee and consultant pathologists were higher than for the controls. The scatter graphs show that the correlation is much better at the low and high percentages and that there is a wide spread of estimates in the 40-60% range. The correlation is better for all groups of observers for the 50 × 50 grids than for the 100 × 100 grids. In the 50 × 50 grids the squares were clearly visible as individual objects at the viewing resolution ( fig  1A) but in the 100 × 100 grids individual squares were more diYcult to discern ( fig 1B) . It may be that in the 100 × 100 grids there was some blurring of perception between diVerently coloured squares that made estimation of the proportions less accurate. These results suggest that raw estimates, by relatively experienced observers (such as histopathologists), of a proportion of positive cells could be used in research studies as long as repeated observations were made to eliminate occasional aberrant estimations. However, as mentioned this study probably tests for the best level of performance that can be attained, and images with more distracting elements and less discrete object boundaries might be estimated less reproducibly. Nevertheless, a raw estimate by human observers could be a valid research method that would obviate the need for complicated, expensive, and time consuming digital image analysis. [6] [7] Although the correlation between real and raw estimates of proportions are relatively close, performance was much better when two images were compared simultaneously. There 5-7) . If the two categories around 50% (from the widely used four category system) are analysed there is a significant diVerence between the agreement with raw estimates (0.66) and those obtained with equally sized comparators (1.00) and even unequally sized comparators (0.96). This suggests that a much more accurate and reproducible method of estimating the proportion of positive cells would be to construct a series of reference images of varying proportions of positive cells (spread evenly from 0% to 100%) and to ask observers to compare the new experimental images to these references. [24] [25] [26] The proportions of positive cells in the reference images could be determined by robust objective methods that might include digital image analysis. Although the level of performance in a real experimental environment might not be as high as in this study, it is still likely that proportions of positive cells could be estimated to within 10% with a high degree of certainty. The performance of the controls on comparison of equal sized grids was almost perfect and suggests that this methodology would be useful when relatively inexperienced observers, such as postgraduate students, are making the estimates.
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